In this paper, the dynamical behavior of the anisotropic universe has been investigated in f (R, T ) theory of gravity. The functional f (R, T ) has been rescaled in the form f (R, T ) = µR + µT , where R is the Ricci scalar and T is the trace of energy momentum tensor. Three cosmological models are constructed using the power law expansion in Bianchi type V I h (BV I h ) universe for three different values of h = −1, 0, 1, where the matter field is considered to be of bulk viscous fluid. It is found from the model that the anisotropic BV I h model in the modified theory of gravity is in agreement with a quintessence phase for the value of h = −1 and 0. We could not obtain a viable cosmological model in accordance with the present day observations for h = 1. The bulk viscous coefficient in both the cases are found to be positive and remain constant at late time. The physical behaviours of the models along with the energy conditions are also studied.
I. INTRODUCTION
In last five decades, the observational data provided by the cosmologists from different experiments [1] [2] [3] gives sufficient indications that the present universe is expanding in an accelerating phase. The interesting part is that the expansion of the universe is believed to be created from an unknown energy called dark energy (DE) . This DE is about two thirds of the total energy budget of the universe. Because of the mysterious nature of the dark matter and dark energy, and the fact that their existence is inferred exclusively through their gravitational effects, it is quite natural to check whether there is a need to study these components; Specifically, whether there is any deviation from conventional General Relativity (GR) on large scales. By using the Einstein's Field Equations (EFE), there exists an accelerated expansion described by a positive constant, which is very small, in the frame work of GR, called the Λ CDM model. In the current scenario, this small positive constant is associated with dark energy in empty space, which is used to explain the recent claim of of contemporary accelerating expansion of the universe against the attractive effects of gravity.
Cosmologists believes that the first reason behind the possible existence of an unknown form of matter and energy driven is through the negative pressure. The second reason is the modification in the gravitational sector of the theory, which can also be considered as one of the good candidate for explaining the accelerated expansion of the universe. Some relevant alternative theories are Brans-Dicke (BD) theory, scalar-tensor theories of gravitation. Apart from these, from the physical description view, there are some other methods to express the accelerated expansion of the universe. One of these is the modified theory of gravity. Actually this theory prevents the complexities of the complicated computation of numerical solution. Another positive part of this modified theory is its consistency with recent observations for late accelerating universe and DE. Among the different models of DE, the modified gravity models are quite interesting as they incorporate some motions of quantum and general gravity theories. Some modified theories of gravity are available in the literature such as f (R) gravity [4] [5] [6] , an arbitary function of Ricci scalar R, f (T ) gravity [7] [8] [9] [10] [11] ), an arbitrary function of torsion scalar T and f (G) gravity [12] [13] [14] , the Gauss-Bonnet form G. Among these theories f (R) theory is the most appropriate theory to study the isotropic nature of the universe in FRW cosmology. The f (T ) theory describes the generalized version of teleparallel gravity whereas the Ricci scalar uses a more general function of the form R = g ij R ij in f (R) theory.
Motivated by the great success of cosmological constant as a simple and good candidate of dark energy, Harko et.al [15] introduced a new generalized gravity model called as f (R, T ) theory along the line of interest of incorporating some matter components in the action geometry. Here the Lagrangian described by an arbitrary function of the Ricci scalar R and trace of the energy momentum tensor T . In this gravity, the cosmic acceleration may result either due to the diametrical contribution to the cosmic energy density or its dependency on matter contents. This theory can be used to examine several uses of current interest and may lead to some major differences; however of late it has been an interesting framework to investigate the accelerating models. Several authors have developed different ideas to study the nature of the universe in f (R, T ) gravity.
Belinski and Khalatnikov [16] studied the viscous fluid matter in Bianchi type I space-time, They have indicated that without removing the initial big bang singularity, the viscosity can effect the qualitative aspects of the solutions around the singularity. Many authors have studied the spatially homogeneous and anisotropic Bianchi type I space time in presence of bulk viscous by considering a constant deceleration parameter [17] [18] [19] [20] [21] [22] [23] . Houndjo [24] presented the cosmological reconstruction of f (R, T ) gravity for the rescaled functional f (R, T ) = f 1 (R) + f 2 (T ) and observed the transition of matter dominated phase to the acceleration phase. Moreover Houndjo and Piattella [25] have studied the reconstruction of the function f (R, T ) numerically from holographic dark energy. Sharif and Zubair [26] have studied the behavior of perfect fluid and massless scalar field in f (R, T ) gravity for the anisotropic and homogeneous Bianchi type I space-time. Alvarenga et.al [27] have studied the scalar density perturbations in f (R, T ) gravity. Many more cosmological models are available in the literature in the framework of f (R, T ) gravity, either in presence of various matter distributions and space-times [28] [29] [30] [31] or through energy conditions [32] .
Mishra and Sahoo [33] have obtained the exact solution of the field equations of f (R, T ) gravity, where the spacetime is described by a Bianchi V I h space-time and the matter field is that of perfect fluid. Also Mishra et. al [34] have constructed the non-static cosmological model of the universe in f (R, T ) gravity. Recently Mishra et al. [35] have studied the dynamics of the anisotropic universe in modified gravity is studied with a rescaled functionals. As a sequel to our previous studies on the dynamics of anistropic universe [35] , in the present work, we have considered a Bianchi type V I h space time with the matter field in the form of viscous fluid. The f (R, T ) gravity under consideration here to study the dynamics of the universe is the generalization or modification of GR. For a specific choice of matter Lagrangian, the modified four-dimensional Einstein-Hilbert action in f (R, T ) gravity can be considered as
where the function f (R, T ) can be expressed as the arbitrary function of Ricci scalar R and T = T ij g ij , the trace of the stress energy tensor of matter T ij . L m is the matter Lagrangian density. Now, the stress energy tensor of matter is defined as
Assuming that Lagrangian density of matter depends only on the metric tensor component g ij and not on its derivatives, therefore eqn. (2) becomes
By varying the modified four-dimensional Einstein-Hilbert action (1) with respect to the metric tensor components g ij , the algebraic function f (R, T ) has been chosen as a sum of two independent functions f (R, T ) = f 1 (R) + f 2 (T ). f 1 (R) depends on the curvature R whereas f 2 (T ) is on the trace T [15] . Hence,the generalized EFE (4) yield
∂T . In order to frame a cosmological model, we assume the functional f (R, T ) in the form f (R, T ) = µR + µT , subsequently the field equations (4), takes the form
where, Λ(T ) =p + 1 2 T can be identified with the cosmological constant which instead of being a pure constant evolves with cosmic time.
II. BASIC EQUATIONS
We are intending to study the dynamics of the anisotropic universe in the f (R, T ) gravity. We know that the standard FLRW universe is homogeneous and isotropic. Therefore, in order to address the small scale anisotropic nature of the universe, Bianchi space time is well considerable as it represents a globally hyperbolic spatially homogeneous, but not isotropic space time. So, we consider a Bianchi-type V I h space-time, where the constant exponent h can be assumed values −1, 0, 1, in the form
where the metric potentials a i = a i (t); i = 1, 2, 3. The energy momentum tensor T ij for the viscous fluid can be expressed as
where ρ is the proper energy density andp = p − ζθ is the viscous pressure and ζ is the bulk viscous coefficient. In the co-moving coordinate system, we have u i = (0, 0, 0, 1). Also, u i = δ i 4 which satisfies g ij u i u j = 1 and u i x i = 0. With the comoving coordinate system, the field equations (5) for the metric (6) and energy momentum tensor (7) can be obtained as,ä
An over dot on the field variable denotes the differentiation with respect to time t and β = 3 2 + 8π µ . In order to study the dynamical behaviour of the universe, we have redefined the above set of field equation (8)- (12) in the form of Hubble rates along different direction
The effect of both proper pressure and barotropic bulk viscous pressure can be defined asp = p − ζθ. From (13)- (17), a general expression based on directional Hubble parameter for the effective pressurep and rest energy density ρ can be established as,p
where
Subsequently the effective EoS parameter ω ef f =p ρ and the effective cosmological constant Λ can be yielded from equations (18) and (19) as
The bulk pressurep, energy density ρ, EoS parameter ω ef f and effective cosmological constant (ECC) Λ will help in investigating the dynamical behavior of the model. The understanding on the behaviour of the universe would be more appropriate if the properties of the parameters can be expressed in the form of Hubble rate. Because of the simplicity and ability to provide information about the dynamics of the universe, here we have considered the volumetric power law cosmic expansion in the form v = t m , where m is an arbitrary constant calculated from the back ground cosmology. With this assumptions, in the subsequent section, we have developed the cosmological models in f (R, T ) gravity for the value of h = −1, 0, 1.
III. COSMOLOGICAL MODELS AND DYNAMICAL BEHAVIOUR
Each of the value of the exponent h in the filed equations leads to a cosmological model with different dynamical behaviour.
A. Case-I (h = −1)
In this case, we observed that with a suitable absorption of integrating constant with metric potential, the Hubble rate in both y and z direction are same i.e. H 2 = H 3 . Moreover, to study the anisotropic nature of the space time, we assumed an anisotropic relationship between the directional Hubble parameter in the form H 1 = kH 2 , where k is a positive constant. Subsequently, the functionals Φ(H 1 , H 2 ) and Ψ(H 1 , H 2 , H 3 , h) respectively reduced to
and Ψ = (2k + 1)H 
We know that the EoS parameter ω ef f and ECC Λ as defined in (20)- (21) depend on the functionals Ψ and Φ, which are functions of the cosmic time. So, using eqns. (22)- (23), in eqns. (20) and (21) respectively, we obtain
Since the functionals Ψ and Φ are essential for analysing the EoS parameter and ECC, we are interested here to adopt a dimensional analysis on the dimensionless constant m and k as m = 1 + 2 k . When k = 1, the model reduces to an isotropic one. So, Φ(t) and Ψ(t) becomes Φ(t) =
(24)-(25), the corresponding EoS parameter and ECC as
So, from eqn. (26), we can infer that for a given value of scaling constant µ, β = 3 2 + 8π µ , the EoS parameter is constant as the anisotropic parameter k is also a constant. It is also observed from eqn. (27) that the ECC decreases quadratically with the increase in cosmic time; of course with a given scaling constant. To frame a realistic cosmological model, we need to address the scaling constant and anisotropic parameter in such a way that the EoS parameter would be negative and would be less than −1/3 at late times. Moreover, in order to achieve a viable cosmological model, the ECC should be large at initial time and should vanish at late times. The same has been represented in Fig-1 and Fig-2 . From Fig-1 , as indicated earlier, we have observed that ω ef f is a constant value for a given value of β and assumed anisotropy parameter k. According to the observational data the ω ef f should stay in negative axis and less than − To stay in negative axis we chose a negative value of the model parameter (β = −25.5). We can observed from the figure that the EoS parameter ω ef f increases nearly from a negative value for lower value of k to zero at higher value of k. As indicated earlier, in Fig-2 , the ECC varies from large positive values in early epoch to almost vanished at late time.
B. Case-II (h = 0)
Substituting the value of the exponent h = 0 in eqn. (17), we observed that the Hubble rate is same both in x and y directions. With an assumed anisotropy relation on the y and z direction in the form H 3 = rH 2 leads the directional Hubble rates in power law expansion of volume scale factor as H 1 = H 2 = m r+2 .
1 2β , which is a constant and the ECC, Λ = − 2r (2β+1)t 2 , is time varying. Again, to obtain a viable cosmological model, the scaling constant has been constrained to be negative, which ultimately assumed β to be negative. With this constraint, ω ef f would be in the negative domain and do not affect by the choice of anisotropy in the model, as there is no anisotropy term in the expression. The same has been depicted in Fig-3 . The ECC remains in the positive domain and decreases with increase in time (Fig-4) . It is important to note here that ω ef f lies in the quintessence region when the scaling parameter is ≤ − In this case, substituting h = 1, again in (17), we found that the change of Hubble rate in x− direction is half of the sum of the Hubble rate in y− and z− directions. This leads to another important fact that the mean Hubble rate and the Hubble rate in x− direction are same. As in the preceding section, here also, we have used the power law cosmology in the form v = t m and obtained the functional Φ and Ψ as
Where τ is an integrating constant. In order to make the functionals dimensional consistent, the value of the exponent m should be 3. With this value of the exponent m, the deceleration parameter would not be negative, which in turn does not provide an accelerating model. Moreover, w ef f found to be unity, which is not in agreement with the dark energy driven cosmic acceleration; though the ECC vanishes. Therefore Bianchi type V I h (h = 1) space-time is not compatible in the study of present day accelerated expansion of the universe.
IV. PHYSICAL PARAMETERS AND ENERGY CONDITIONS
In this section, we have analysed the behaviour of the physical parameters of the cosmological models obtained earlier. The power law model studied based on the fact that the growth of the scale factor (a(t) ∝ t m ) depends on the exponent m. When m lies in the positive domain the observed universe is expanding whereas it contracts for a negative m. We know that the role of Hubble parameter and the deceleration parameter inscribed in the study of power law cosmology. We obtained both the parameters in the form H = The viscous coefficient ξ for h = −1 and for h = 0 can be respectively calculated as The idea of energy condition came from the famous Raychoudhuri equations [36, 37] which play a key role to discuss the congruence of null and time like geodesics with the requirement that not only the gravity is attractive but also the energy density is positive. The energy conditions are few additional conditions for the matter content of the gravitational theory. Energy conditions are the co-ordinate invariant which incorporate the common characteristics shared by almost every matter field. In GR, the role of these energy conditions is to prove the theorems about the existence of space time singularity and black holes [38] . For perfect fluid matter distribution, these inequalities provide the energy constraints defined by: Null Energy Condition (NEC):ρ + p 0, Weak Energy Condition (WEC): ρ 0 , ρ + p 0, Dominant Energy Condition (DEC):ρ − p 0, ρ + p 0, Strong Energy Condition (SEC): ρ+p 0, ρ+3p 0. These condition shows that if NEC violates, the other energy conditions also violates.
For the case (h = −1),with the help eqns. (18)- (19), we obtained different energy conditions as:
We have analysed the energy conditions through graphical representation with the representative value of the parameter β = −25.5, k = 0.64 and γ = 0.1. Fig-7 and Fig-8 , the behaviour of NEC and WEC to the present model has been shown. In these figures, we surveyed that NEC as well as WEC are dynamically varying from a large positive values at initial stage to vanishingly null values at late time of cosmic evolution with positive axis. Fig-9 and Fig-10 , SEC and DEC show the similar behaviour with respect to time. These graphs show that for large value of time the model is decreasing at initial stage to vanishingly null values at late time. From the above relation we found that all conditions are satisfying this model and remain attractive for gravity through energy momentum tensor.
Similarly for h = 0, we have obtained the energy conditions as: In Fig-11 to Fig-14 , we have plotted different energy conditions for this model with the respective value of β, k and γ. From the mathematical perspective, recent observational data suggest that the SEC is violated by matter configuration. As per the recent observations, the researchers are preferred to work with NEC, as it is easy to analyse the behaviour of universe. In this model the NEC and SEC behaves the same behaviour as shown in the previous model.
V. CONCLUSION
In view of the growing interest in modified theory of gravity, we have constructed the cosmological models of the universe in f (R, T ) gravity keeping the dimensional consistency at the background. The linear functional f (R) = µR and f (T ) = µT considered here generates the idea of a time varying ECC. For h = −1 anf h = 0, we could find a viable cosmological models; however for h = 1, a viable cosmological model could not be obtained. In the first two cases, where the viable cosmological models were obtained, the ECC start evolving from large positive value initially and subsequently become small at late times. This result is in accordance with the present observations on dark energy driven cosmic acceleration. For a large m, the state finder diagnostic pair having the value (1, 0), which is in agreement with the behavior of Λ CDM model. 
